Corals are sensitive to a whole range of man-made environmental changes and have therefore been recognised as one of the most vulnerable parts of the marine biosphere. So-called bleaching events observed since the 1980s, where the corals lose their photosynthetic symbionts (zooxanthellae) after a slight increase in temperature, have drawn attention to the fact that many species of coral are vulnerable to rising water temperature due to global warming.
Ocean acidification resulting from the rapid increase of carbon dioxide in the atmosphere, part of which is absorbed by the oceans (Curr. Biol. (2008) 18, R1112-R1113), has also been discussed as an additional threat to corals, but the alarming pH drop observed in the North Atlantic hasn't affected the tropics yet, where the pH has only dropped by 0.04 units in the last 30 years.
Other human activities harming corals include overfishing, as the corals depend on grazing herbivores keeping macroalgae from smothering the reefs, as well as pollution, which also encourages the growth of seaweed.
With all these factors conspiring against them, coral reefs may not survive to the end of the century, at least not with the ecological composition they have today. Recent findings have both confirmed the dangers they face and offered very small silver linings.
Reef resilience
One hopeful note comes from a long-term study of an isolated reef system, the Scott system, which is located on the edge of the continental shelf west of Australia, some 250 km away from the coast, and more than 1,000 km from the nearest city. James Gilmour from the Australian Institute of Marine Sciences at Perth and colleagues report demographic changes observed on this reef system over a period of 16 years, which has seen severe disturbances (Science (2013) 340, 69-71) .
This reef system was heavily damaged in 1998 by an unprecedented bleaching event, which was linked to an unusually strong El Niño phenomenon. The loss of its live coral coverage ranged In the first years after the 1998 bleaching, settlement tiles installed on the reef showed only poor levels of recruitment of new corals. Researchers believed that this Coral reefs are widely recognised as vital yet highly vulnerable ecosystems. Recent studies have demonstrated the possibility of recovery after disturbance, but also the continuing threats and decline. Michael Gross reports.
Hopes and fears for future of coral reefs
Ecosystem service: Coral reefs play an important role for the marine ecosystems, for instance as nurseries for a variety of fish species. (Photo: courtesy of Terry Hughes.) was due to the relatively isolated location of the reef system, meaning that there was little chance of replenishment of coral from other, unaffected reefs. They feared that the recovery of the reef system might take several decades until local brood stocks recovered.
Nevertheless, the long-term observation showed that, after 12 years, the key parameters of the reef system's general health, namely coral coverage, recruitment, diversity, and community structure (i.e. the mix of species) had all returned to levels comparable to those seen before 1998.
A common risk for overfished or polluted reefs after a hurricane or bleaching events is that they get covered by algae, which smother new corals. In this case, there was no increase in macroalgae observed. While researchers saw fine turfing algae, they also observed an increase in the population of herbivorous fish species, which obviously helped to keep these algae under control.
Gilmour and colleagues conclude that "even coral reefs with a negligible supply of larvae from outside can recover relatively quickly from disturbances in the absence of chronic human pressures."
This last condition is increasingly difficult to fulfil, as human development pressure leaves fewer parts of the globe unscathed. Acting locally, reducing man-made disturbances, such as pollution and overfishing, can help coral reefs recover from catastrophic events.
"Even before global warming and coral diseases began to take their toll, perhaps a third of the world's coral reefs had been destroyed by overfishing and pollution," says Terry Hughes from the James Cook University in Townsville, Australia. "These threats have continued to grow over the past century or more, and now they are confounded by the emerging problem of climate change. Unless we deal with local threats like overfishing and pollution, reefs will be long dead before ocean acidification begins to bite."
But what should people do locally to improve the survival chances of their coral reefs? Specifically protecting the herbivorous fish that keep the reefs clean sounds like a reasonable measure, but literature reports on its effectiveness are contradictory.
Most recently, Laura Carassou and colleagues from New Caledonia have reported that in their part of the world, the reefs' health does not meaningfully correlate with their protection status (PLoS One (2013) 8, e60564). They attribute that to the observation that the small number of fish species able to graze off the reefs tend not to be affected by overfishing at the moment. This might be due to a preference by fishers, if they prefer to catch and eat groupers rather than herbivorous parrotfish, suggests Hughes, who has studied the ecological role of parrotfishes in coral reefs (Proc. R. Soc. B (2012) 279, 1621-1629).
The lack of impact made by the protection status of reefs on their health, which contrasts with findings from the Caribbean (PLoS One (2010) 5, e8657), may be related to the fact that New Caledonia counts as a generally healthy reef system, so it may not need as much help from the fishes as less healthy reefs. The authors recommend monitoring relevant fish populations as a precautionary measure.
Changing reefs in changing times
Even if human pressures are successfully reduced at the local level, coral reefs still have to cope with the global threats of climate change and ocean acidification. A study published in this journal last year (Curr. Biol. (2012) 22, 736-741) suggests that the flexibility within the reef community allows for adaptation to environmental changes.
Terry Hughes from the James Cook University in Townsville, Australia, and colleagues have studied species abundance along the length of the Great Barrier Reef quantitativelyin contrast to much of the existing literature, which is based on records of presence or absence of a species alone.
Studying 132 sites spanning a distance of up to 1740 km, the researchers found that the arrangement and relative abundance of the coral species and associated species vary considerably with latitude. As the climatic differences covered by this sampling far exceed the predicted extent of climate change, the authors conclude individual species of corals are likely to respond idiosyncratically -there will be "winners and losers". The authors write: "The flexibility in community composition that we document along latitudinal environmental gradients indicates that climate change is likely to result in a re-assortment of coral reef taxa rather than wholesale loss of entire reef ecosystems."
Reconfiguration of the species composition appears to be a more promising mechanism for corals to adapt to warming than migration, as studies have suggested that the speed of climate change exceeds the speed with which corals could shift their habitat. Migration to cooler climates has been observed, but only at higher latitudes where tropical and temperate water species intermingle.
Threats and problems
Meanwhile, the evidence underlining the danger for corals just keeps piling up. In July, the Australian government released its bi-annual report card on the health status of the Great Barrier Reef, which shifted the status of the reef system from moderate (in the 2011 report) to poor. As the reef is a UNESCO world heritage site, the organisation is now considering classifying it as an endangered site. At the same time, the government was forced to admit that some of the pollution targets set for this year will not be met. Specifically, Australia wanted to reduce the fertiliser runoff by 50% by this year under the socalled Reef Plan, but this target has now been postponed to 2018. Only small reductions in nitrogen and sediment runoff have been achieved so far.
These problems can be clearly linked to agricultural practices introduced relatively recently. "Historical records from the skeletons of corals show a 5-to 10-fold increase in the delivery of sediments after the arrival of Europeans and their livestock in the last 1800s," explains Hughes. "Many coastal reefs and seagrass beds have been destroyed, often long before modern monitoring or management began. Sediment can smother juvenile corals, hindering the capacity of reefs to recover from natural and man-made disasters like cyclones or bleaching events."
In a recent study of several reef systems in the Caribbean, Chris Perry from the University of Exeter, UK, and colleagues from several other institutions estimated the long-term speed of accretion of carbonate to the reefs and compared it to the rate observed on geological timescales throughout the Holocene (Nat. Commun. (2013) doi 10.1038/ ncomms/24090).
The researchers found that the net production rate (as measured in kilogram carbonate added per year) was around half the historic rate, while the accretion rate (millimetres growth per year) is even an entire order of magnitude smaller than the historic rate.
The authors attribute this weak growth to the changes in reef ecosystems, which today are generally impoverished. Even the Caribbean reefs with a healthy amount of live coral cover, the authors report, rely now on just one species (Monastraea) for the bulk of their carbonate production, while the higher production rates in historic times were due to corals from two different genera, Monastraea and Acropora.
Combined with natural erosion rates, the weak growth of the reefs may actually mean that some of them are eroding faster than they can grow and are ultimately disappearing. Furthermore, slow growth can become a problem if it is outpaced by sea level rise.
Apart from bleaching, other diseases of corals also seem to be spreading, as Caroline Rogers and Jeff Miller have pointed out in a recent letter to Science (Science (2013) 340, 1522) . Some of these seem to be encouraged by pollution, or possibly overfishing in ways that remain to be explored. For instance, research published in 2008 suggested that active ingredients from sunscreen, which washes off swimmers on the scale of thousands of tonnes per year, can activate dormant viruses in the corals' zooxanthellae symbionts and thus trigger a deadly disease. At the Great Barrier Reef, fertiliser pollution has encouraged the spread of a native starfish called crown of thorns (Acanthaster planci), which preys on coral polyps. Further unexpected ways in which humans harm corals may yet surface.
Given the important ecosystem services that coral reefs provide to industries, including fisheries and tourism -not to mention the fact that some island nations are literally built on them -the continuing danger to their health remains a pressing concern, even if some reefs can sometimes recover from disturbance or adapt to mitigate the impact of climate change.
One ray of hope is offered by the as yet little explored deeper reefs, found at depths between 30 and 150 metres. These socalled mesophotic reefs are better shielded from human impact than the shallower ones, both by their depth and by greater distance from the shore. However, they are also less well understood scientifically, and often not even mapped, let alone granted protection. Researchers hope that these little known reefs may act as a species reserve to re-seed shallow reefs. In a recent commentary (Nature Climate Change (2013) How did you end up choosing a career as a scientist? Choosing isn't really the right word, and the path was convoluted, but here goes: in kindergarten and grade school, I actually spent a fair amount of time thinking about what I wanted to be when I grew up. Back then, I had three main interests: reading, looking at pictures of herps (reptiles and amphibians), and playing sandlot football. So I decided I would be a defensive lineman in the NFL because I had never heard of anyone who was paid to read or to look at lizards whereas every Sunday I could watch people who were paid to play football. This was a most unrealistic career choice for me, given my lack of athletic ability and the fact that even after reaching adulthood, my entire body mass could be comfortably accommodated within just one of [former Green Bay Packer nose tackle] Gilbert Brown's buttocks, but to my way of thinking it made perfect sense: football is fun, people get paid to play it, why not be a professional football player?
But one summer afternoon I found a copy of The Labors of Hercules in the family car and started reading it. It was not, as I thought, Greek mythology with all of that fascinating sex and gore, but instead short stories about a strange little Belgian named Hercule Poirot. By the end of the first story, though, I was completely engrossed, and once the book was finished, I became an avid mystery fan. That same summer, I decided one day to go hunting for salamanders, having tired of just looking at pictures of them. I had read that salamanders
